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. ;- PREFACE Y
§ o h . v . -
This is” the first of a series of cooperative ‘interactions in which the
Naval Training Equipment Center and the Air Force Human Resources Laboratory
) ‘can share their resources for research on the development and use of Simula- ,
“f“”“’iﬁon“deviceSMand—traihingmsystems,MMlnTthismstudy,_the_uniquencapabilitﬁesjbf%"_;glA
. - the Advanced Simulator for-Pilat Training (ASPT) at Williams Air Force ‘Base
were used to address a problem of interest to both the Air Force and the Navy, .
‘namely the means of extending simulation-based training to the difficult-to--
" fly tasks for which, to date, devices equipped with €omputer image generation
. ' systems have not been used. “Several of the capabilities of the ASPT were used
- in ways that make this study unique.. For instance, this is the first study
v concerning the problems of formation flight performed on the ASPT, or for that
) " matter on any device equipped with a computer genérated visual scene; it 1is
. probably the first use .of instructor-pilot observers in a repeater cockpits
* and this is the first time that it has been-possible to collect frequency- -
domain summary information in real-time using the ASPT. v

The efforts of many people made.the,study“possib1e.' Captain Dan F. C \
Cataneo, Airman Randy G. Cline,.and Thomas_R. Farnan, all of the Air Force 3
Human Resources Laboratory, and Robert-A. Greenland of Singer-Link served as

A simulator operators at the control console; Major G. Myers, Captain R..C. , ..

- Brenneman, Captain J. G. Dunbar, and Captain B. D. Ott of the 97th Flying - .
Training’ Squadron served as subjects in the first experiment; and Major S. P. - -
Hannan, Jr., -Major J. G. Paulsen, Jr., Captain E. B. W. Chun, and Captain
J. W. Penland of the Air Force-Human Resources Laboratory were the .subjects in

: the second one. L - - T , :

. For success, cooperative' research requires attention to a great numbér of
details, both before and after the data are collected, Captain William C.
Mercer, the Chief of Naval “Education-and Training Liaison Officer’at Williams

*Air Force Base energeticaf1y provided such attention and was an invaluable
help, for which we thank him. -~ = ‘ v

x -
hd t. .
e

- s -

_ Also, a number of people helped by Sxoofreading the report. They are.
Walter S. Chambers Stanley C. Collyer, Paul E. Yan Hemel, Elizabeth C. W.
- ‘Ricard, and Dennis ‘C. Wightman.f R - : s
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| SECTION I . N
c&IkNTRODUCTION '

A flight simulator is a
control inputs, calculate a

complicated set of systems that can sepse pilot
given aircraft's responses to them, and then pre-

he state of the aircraft comes from several sources so that, to a cockpit
th its instruments and controls, today's simulators have attached a variety

of cue-providing subsystems |

of the device. Their task i

signals which pilots can learn to use to control the flight o

that form an -interface for the human controller
s to provide visual, auditory, or roprioceptive
their aircraft.

During the past 20 years, we have seen a dramatic increase of/ the number and.
complexity of these attachments paraileling the development 6f more sophisti-

cated weapons systems that are used with more complicated t
display systems, for example, have evolved from prerecor

ctics. Visual :
films that allowed .

1ittle freedom for simulated flight, to model board representations of the
visual world that are presentéd to the pilot via a movable television camera, -
to the present computer image gene®ation (CIG) visual display systems that

allow 1limitless maneuvering
changed by digital computer.

by presenting visual scenes that are stored and
The teichniques for providing other cues for air-

craft motion and}of s}gglaxing an assortment of sensors have undergone a

similar progression O development, and even the training systems that use
flight simulatofs are{becoming automated. :

/

. Modern flight simulators use digital cpntrollers, and each of .the develop-
me:gsscited above has placed a burden_.on the computational capacity of a

‘deviice's computer. For the

most part, digital computers perform calculations

-se 'a;1y, with additional calculations requiring agditional time. The CIG
display processing adds perhaps the greatest numberyof calculations to those

needed to operate the basic

fiight simulator. When

G visual _systems were

- used on Navy Device 2F90 and the Air Forcels Advanc d Sinulator- far Pilot
Training (ASPT), problems of controllability ¢

by the addition of this

" type of display became apparent (0'Conrier, Shinn, and B ker,»1973; Larson

and Terry, 1975). These pro

-

blems of device control were usually seen during

quite narrow tolerances, such as on the last leg of a carrier approach or

- the simulation of flying situations where the aircraft had to be flown within. l\\“

during formation flight.

I ' .

A témpo?a1 gap. between input and output is expected in systems that use

:digital processors as contro

1lers. The simulator's computer must sample the

inputs to the system and then calculate its responses, and in the case of a

. .CIG visual *system, a second

. responses. . For a flight simulator equipped wi
.~ visual feedback can be broken into,zwo-parts -- that related to the Zampling

,rate of the flight dynamics
the visual display system.

computer usuéﬁ]y c%ntro1s the displaying of those
h a CIG .dispiay, this delay of

processor and that due to the processing time of
Current® fl1ight simulators sample pilot activity

4t 15 to 30 Hz so that the time interval- from the calculation of one set of *
positions for the simulated aircraft until the next is rarely greater than

‘66.6-mi1l1iseconds, and the c .
- image take about 100 milliseconds. The ‘actual total transport delay may be

alculations needed to create each true-perspective

less than the sum of these two values, depending upon when within the computa- .
tion cycle the values for the aircraft's new position are passed to_the CIG

system. In the ASPT, these

-

two computers operate at different samp1jng rates,
7 ‘ - _
10
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Awith the result that the total transport delay for its visual scene varies
éB%tween 126" to 193 milliseconds (Larson and Terry, 1975). Other cueing
\ vices of a flight simulator, such as model board visual systems, motion
platforms, or g-seats, produce lags due to the inertias of their mechanical
components and can produce delays a good deal Tonger than those of the

computer-generated visua1_d1§p1ays.
. One of the most difficult tasks to simu]até’iﬁ a device equipped with a
« CIG visual system is formation flight. Unlike most. flying tasks, formation
flight closely approximates pursuit tracking in that an image of a lead air-

relation -to that craft. One might then expect that; with its visual rever-

~wn§:craft~4s—disp4ayed‘touampiJot,uandmhe“hasmknowledgé_dfwwhere"he"should_bemjnmnﬂw_mmmA

ence, formation f1fght would be easier than;ground-contro11ed,approac‘:s or
instrument landings that{more,c1ose1y approximate compensatory tracking; buz
pilots do make rather hSgh frequency control movements -- up to 5 Hz Cyrus,
1976) -- during formation flight and we feel it is this tendency, along w.:n
the phase tag produced by delays in the system, that makes flying formation so
difficult in simulators with delays. The phase lag produced’'by a transport
delay 1is linear with frequency, causing the high frequency components of con--——
trol inputs to be more out of phase than the Tow frequency ones. When facing
such a situation, the tendency of human controllers is to force the system

to a lower gain-crossover frzg.2ncy by trading response frequency for ampli-
tude. 1In a.sense, it is th: =" :'s willingness to tolerate hi gh-frequency
error that enables him to kee. tne system stable, yet the requirements of
flying formation are such that displayed errors must be reacted to quickly

and kept small. From descriptions of" operation of flight simulators with
CIG visual display systems, it appears that flying tasks with those require-
ments of accurate control of the aircraft and quick response to error are most
affected by display delays. This is —supported by discussions of the experi-
mental literature of manual controi of systems with delays (%yckTer and
Obermayer, 1964; Poulton, 1974; and Ricard and Puig, 1977). < .

Past attempts.to compensate for dead-time delays in simulation systems
have, for the most part, been concerned with reducing t-: response lags of
motion platforms.™ At the National Aeronautics z2nc Space Administration :
Langley Research Center, Parrish, Dieudénne, Martin, and Copeland (1973) used.
a 1inearsprojection of a simulated aircraft's rotational axes positions to
adjust the signals sent to the motion platform of their device. Later a fil=-
ter with a "notch" centered at 32 Hz was added to remove vibration caused by
the 3: jteration rate of the device's processor. Motion platforms respond
slowly compared to the ability.o7 a zompt~=--driven visSual display, and when
the ¢ame technique for compemsating Tor 1.me Zelays is applied to the software
that~creates the signals for a CIG visual svstem, .the displayed image can con-

. tain &n annoying "jitter", or "fiutter." Thi: happens because the 1linear pro-
Jjection scheme’amp11f1esi%he high “requency compcnents of the signals sent' to
the display. More acdurate prediczion would producs less jitter, but some
would occur whenever pilcts make Righ freguency control inputs. One would
think that-software schemes that provide a shase-advance for the pilot would
help his control of systems with delays; and indeed some work at the Naval
Training Equipment Cemter has indicated the: fo1 owing a linear projection
scheme with a low-pass fiiter (which allows ‘ow frequency phase-advance
g while attenuating high frequency jitter) would help piloting control and.
- would potentiate the acquiiition of control skill (Ricard, Norman, and

™~
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Collyer, 1976). The main purpose of this study is tq test further the use-
fulness of the predict-then-filter notion by observing trained pilots asked
to fly formation in the ASPT. . - !

) - S e .

Figure 1 should provide a context for our changes to the computer soft-
ware. Each of thHe cue-providing subsystems of a simulator has as 1ts input

T*“f“the-updated~position~ofmthe~aircraftuas_calculated“bymtﬁe“aercdxnamic_mQQE1-

Each subsystem then provides its own set of cues to the pilot with their
fidelity determined by that subsystem's capability. Wwhen, for a giyen_task
control of the device must be made easier, sev%ra options are ava1¥ab]e. One
is modifying the aerodynamic model to make the‘dévice more "flyable," and
another is tinkering (in one manner or another) with the particular subsystem -
that seems to be caysing the difficulty. This latter approach is the one we
have taken. In the ASPT, aircraft parameters are: adjusted for calculation - -
~ times in the flight dynamics software; and then a filter is inserted before
the calculation of - the simulated visual scene to allow those predicted values
to be modified without affecting ones for the other cue~providing systems.

Our basic experiment.-then is to measure flying performance,whi1e setting the
time constant of - this filter to different walues so that differences of
-piloting control can be related to the spectral content of the signals sen

to the CIG display system. ) i '

- ~>

A second goa1\af the study was to assess the usefulness of the proprio-
ceptive cueing provided by the g-seat and-motion platform of the ASPT. Few
data exist concerning the advantages offered by these systems when the visual
scene is a computer-generated one and the flying task is difficult. This is
partly because CIG displays are a new technology that has not been used long, .
and partly because attempts to -use CIG displays for tasks such as formation
~ flight have not been particu1ar1y-successfu1, usually because the de]ayvcomﬁ
pensation made control difficult or visual flutter annoying. Using pursuit
tracking -tasks very similar to formation flight, Miller and Riley (1976,.1977)
have shown some benefit gained by adding the cues provided by a simulator's-
motion base, at least for ‘long delays of the display.’ Generally they found
that the more difficilt a simulation wadto fly, the shorter was the delay
that could be tolerated, and that activatgon of their device's motion latform
extended the delay that was ‘tolerable for the simulation of a given ai t.
No data exist on the effect of adding a g-seat to a»singagion of flight, but
we felt that if it3 cues were timely, then théy might be shown to be helpful.
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threelc}oseQ§cirppit televissen channels, a control stick, pFus a number of
. &witches- an8¥dag¥s. Codes for the conditions of the experiment and commands

to'Ecntinue-32$3aOrt a trial were entered with .the keyboard, ‘apd the results
-were verified- over the cowor alphanumeric displays. THe achromatic displays
were Used to present information concerning the state of the two aircraft,: -
inéluding a graphics representation of their relative positions. One of the

- cldsed-circuit_television chaghtls was‘wsed to view the.pilot in the Cockpit,:
| and" the other two were used to<display Selectable chanmels of his, computer-, .
Ygenerated visual scene. ' T o g &

~

-

;,'TAS§. .The flying task used %oi'this—syudy was to maintain the/"fiﬁgertib?
'b”po§}t19n;off the right wing of a 1ead-aircraft_(a T-37). -This is a-visually

?uided“tasg that requires the pi1o%'to hold a position BOqlb%ck from the »°
ead atrcraft while maintaining a. three-foot wing tip clearance. When this’
position is obtained,-the lead aircraft appéars as.in Figdre 2.{copied from
* Air Training Manual 51-4) which is a fair representation of -the high fidelity
imade of the lead aircraft used by the ASPT. Several of the visual references
that pilots are trained to use to hold thé fingertip position have been indi-
cated in the figure: (1) the lead pilot's head is kept aligned with the out-
- side flap hinge and the radio antenna of the lead aircraft, (2) the top 1/3..
“and bottom 2/3 of the lead aircraft's right wing are visible, (3) the trailing ™
edge of the lead aircraft's opposite elevator is barely visible, as 1is (4) the
"top:part of an inverted triangular ejection warning sigh located’ on the fuse-
lage of the lead aircraft just forward of the pilot. Straight-and-level
.« flight, the fingertip position can-be maintained with a constant throttie ¢
setting and small movements of the control stick, but during maneuvers Tike
" turns, throttle changes must be/made in order to maintain the pesition.
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% - EXPERIMENTAL DESIGN. Our intention was to examine the effect of selectively

. filtering the drive signals sent to the CIG ‘system processor and the effects
- such filterifg might have on:a pilot's use of the nonvisual cues of aircraft

- motion available in modern flight simulators. To that end, th ata collec~

tion was designed as a three-factor, mixed-effects factorial “expgriment where

-di¥ferences due to subjects -were considered a random effect and the effects
#  produced by.the types.of motion cueing and settings of the display signal .

" fitters were considered fixed. Three conditions of motion cueing were” .
.- selected -- corresponding to the presentation of jukt the visual scene, or -~
- . to the addition of the proprioceptive cues provided by either the g-seat or -
§g~'the motion platform of the ASPT. "Six settings for the signal filters were

- _jdncluded; these represented half-power points for the low pass filters of 1/4,

, _E}{Z;.3/4, 1, and 2 Hz, and an unfiltered condition. Thus was formed a -three-
—{by-six-factorial whose 18 combinations of motion and filter conditions were
.. 1'block randomized with a different prder of presentation for each subject. -

Each subject completed three of té:se 18-trial blocks duming the experiment._.
T f - - . . . ! N

y

e Despite the fact that our subjects were expert instructor pilots, they

experienced considerabte difficulty in adjusting to, the characteristics of
the simulator. This was partly because the presence of the tranrsport delay
made the formation flying task difficult, partTy because the computer system.

. failed several times during the first day or two of the experiment, and
partly because the pilots were not accustomed  to the math models for certain

- subsystems -of the device, particularly the™one that calculated changes of -
airspeed in response to small, quick changes of the throttles. For this C .
reason, we expected performance to improve throughout the experiment and our .
analyses of variance inc1ug;d a "trials" effect to remove this variability
from the error terms. ’ . - .;}' X

A secondary objective.of the study 'was to compare ratings obtained from
both the pilot flying a maneuver and an observer in the second cockpit.”’
While both raters saw the visual display of the lead aircraft, only the
pilot had his g-seat or motion base activated, so that comparison of~’the
pilots' and observers' ratings would measure, the contribution that nonvisual:
cues of motion had on the pilots' judgments of the adequacy of.a simulated

- flight. For these comparisons, we used the same analysis-of-variance model
mentioned earlfer. These rating data were collected as the:experiment :
progressed and for the pilots at least, they fit the block=Fandomized design.

L EXPERIMENTAL VARIABLES. R , " ' -

Filter Settings. Previous work (Ricard, Norman, and Collyer, 19763 and tests ~
at the Air fForce Human Resources Laboratory) has established that an optimal
. setting for the filters for the CIG display signals would be. in the range 1/2
to 1 Hz, so for this test of the utility of the signal filtering notion, a
.single-pole Butterworth filter (see Sterns, 1975.or @ppenheim and Shafer,
1975) routine was developed. To be consistent with previous ‘work performed .
at the Naval Training Equipment Center, We used a first-order, low-pass filter
with the Butterworth configuration selected for its smooth amplitude and phase
_ response. Only three degrees-of-freedom of ;hevsimu1ated,aircraft were fil- .
" tered--- roll angle, pitch angle, and z-axis -- because the preliminary anal-
" ysis of ‘other work performed at the Air Force Human' Resources Laboratory
yrus, 1976) indicated that only the responses along these axes contained

Q . t . . .

. a
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_ enough high frequency energy to create/problems of “flutter” irf the
~display.. - When -the fiTter routine-was integrated-into the ASPT's so
. wag placed after the .visudal prediction algorithm’(see:Larson and Terry:

. and it therefore affected only the visual display, not other aspects o:
- simulated flight dynamics. Al1 translaticonal and-rotational variables were -

- time-adjusted*for the transport delay -in the-ASPT CIG visual. system, then- , <O~
those mentioned.were filtered, and finally #11 were procéssed by the CIG
system. . Specifically, each variable ‘was predicted according to the-following:.

Xp4l = X + h/g(_3iﬁ+] .-')zﬁ) where x is the variﬁb]__e being adjusted, R itg,g .
derivative, the subscript refers to a value at a point in time, and-h is the.

. integ#ation interval. To accomodate different -iteration:rates for -the.jpro- -
cessing of the flight dymamics and the visual image, the prediction.-span h'is -
variable in.the ASPT. We deemed it premature to- try to.select individual e

. settings for the filter for each axis, so for this test, the :three .aircraft .
parameters that were adjusted. were passed throlgh identical. filters. The
method developed to -accomplish the integration and filtering for these axes .
has been presented by Cyrus (1977) as @ general technique for- compensating, )
CIG system transport delays. Its advantages are that the-calculations it . - B
requires can be performed-simply and quickly, and it wﬁu]d-beaeasy toimple- -
ment either in. hardware or softwire. The-techniqheﬁdoés;require~xhaﬁ1§on=~
stants be set that.may be a functibn of the type of flying task being:

Jated, hence the nééd for studies 1ike this one. . - : .

imu-

In evolving this approach to" cofipensation :for -transport-delays in-visual
display systems, we assumed that the' information used: by the. pilot for .con- . :
trolling the aircraft and the noise generated by software-prediction schemes ~
are different functions of frequency. More specifically, we -assumed.-that both

_are monotonic functions somewhat similar to those depicted -in Figure 3, in - '
that most of the useful information in the signal is low frequency and that
the more annoying noise is.high frequency.- The manipulation of the break - {
frequencies of the ‘signal filters, -then, is an empirical attempt to find the. -
-signal-to-noise crossover point of Figure 3. By setting the break frequency T
of the filters there and.removing the highwfrequency;components»fromgthe
signals sent to. the CIG display processor, we should be able to improve. -the
uquality" of the visual information presented_to‘the pilot, and presumably,
his flying performance &lso. : : T e ) .
 Motion Cues. Because the two aircraft were in their -correct positions at the
start of.a trial and because we used {nstructor .pilots -for -the formation
flying. task, we -expected -that our subjects would have -to produce .only small
changes: of piToting.contro]-and-aﬁrcraft'state;parameters~in“orderrto‘cqntrol

the simulator, and that*such a situation would enhance_ghe usefulnessg of- those
subsystems of flight simulators % at provide nonvisual.cues of -aircraft - .~ .
motion.. If a trial was flown well and the simulated aircraft-was. kept in its.

- proper fingertip position, .the expected motions of the cockpit would -be small.

' ,and.thg:rg1atiye.sca]ing of the signals sent'tO.the_actuatprs,,whjle4normally
less than unity so that-effective cueing can be -provided. for large -g-forces,
could for this test be set one-for-one. To that end, -the-mathematical model
for the signals sent to the motion platform was changed. . The "gravity align” . .
subroutine -- which keepsuthearesu1tant.simu1ated-extérna1-fbrce;vectar"

- alignad with the normal earth vector .---was kept active, but no additional’
pqes:for~thejtranslationa1-motions of the aircraft were provided. Together

-

l:-,": ‘, : _ . ' - N ]4
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_these changes of theoigftwaﬁe for the motion- platform were designed ta opti-:

- .- _ miz# the_simulation small rotational*responses. That .fthey were successful
-was indiég;ed-py"thé_abiI_ty_pf $hstructor-pilots assigned to the Air Force .

Human Resdurces:Laboratory-to jdentify correctly the direction of small-
' 7 2 PR MR AR IS Ctie s L
K (<103) platform inclinations and by their agreement that indeed the motion

platform was perceived -to move .  before the CIG visua]‘disp]ayirespbnded'wheﬁ _ .
emall control inputs were entered from the cockpit. Details about *the ASPT, o,

‘motion-systgm;are provided hy\§ron S1975§)-':, _

" To increase the ability of the ‘g-seat to act aseagéignaliﬁg device, its
software was changed to provide a nonlinear signal for_the posjtﬁon4following
bellows system. This was accomplished by creating as the forcing function
for the bellows, a weighted average of aircraft velocity and acceleration
values. The amount of lead which t g-seat could be provided was thus con= .
trollable, and for this study was subjectively set. .-As in the-case. of the- ¢
adjustments to the action of the simulator's motion system, the cues of > .
rotational motion were considered to be more important than thése of transla- -

_tional motion. Kron (1975b) has also described the. g-seat of the ASPT.
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PERFORMANCE MEASUREMENT. We collected two types df data; objective measures.
of the pilot's performance of thé flying man uver, and ;subjective “impressions:;
- both of his.performance: and.of the jitter o the_ C1G" display. The latter < = -
measures were-ratings collected from both the pilot:-and "an observer after
each ‘trial.- for the formation flying task, the objective data®§ncdluded .-° .
measuves of the translationzl .motions of the-‘aircraft (x-, y=-,-d#nd z-axis -

. - -

" errors measured as-differences of p jtion of the, two aircraft); measures:.-
-.of its rotatjonal moticn {pftdéh; roi), and. yaw angles,, again measured "as’ . )
‘diffgrences), and measures ‘of. the position of the aileron andelevator coi-*
trol'stick, and tke posityons of the rudder pedals and of the le and .right
‘throttles. , The measures of therlag aircraft's absolute positigp~in %
were obtained relative to-the position ‘of the_lead aircraft; ‘ ‘
to be errdrs from the ideal position for the-lag craft, the folTowing con- -

<> ' -

stants sHould be added: x-axis = =21.25 feet, y-axis'& 36.78 feet,:and'z-axrsf:' ’

=3.00 feet. After the first 20 seconds of a trial,.these eleven parameters
were sampled 15 times per Zecond and recorded for 137 seconds. The perform-
-ance measurement. routine developed for this study obtained both time-history
and frequency-domain summary infOrmatign'fbr these eleven varijables$- These
summaries represent linear transformations of the information contained .in
the time histories, and for each parameter sampled, we calculated its mean
and variance. Each variable was also passed through five single-pole
Butterworth filters with half-power points of 1/8, 1/4,71/2,-1, and 2 Hz ta
dbtain a crude estimate of its power spectral’ density function. At the énd
- of the day's testing, all of these records were stored on magnetic tapé along '
- with the information needed to identify each pilot, trial, and factor combi-

nation. . . - y -

., Ratings.provided the subjective asséssments of the flights and of. the CIG
system's visual scene. At the end of each  trizi, both the pilot and the ob-
server were asked to rate the ¥light.using the scales presented in Tables A-1,

_A-2, and A-~3 of Appendix-A.. One rating, using a 12-point numerical scale, '
was used to -ndicate how well the lag aircraft appeared to maintain the
fingertip position, and another rating, a nine-point letter scale, was ‘used’
to appraise the "usefuineSs" of the CIG visual scene.” The information needed
to make the numeric ratings was presented on each instructor pilot's score

~ sheet {Table A-4 of Appendix.A) so thdt, as an example, a flight rated "good" - -

would receive scores of 7, 8, or-9 which would represent a flight where the

lag aircraft was held-approximately not more than-2 feet high, 4 feet low,

3 feet forward or backward, 1 foot to the left; and 5 feet to the right of

the idgﬁl.positiqn. These criteria were developed through discussions with

instructor pilots at Williams Air Force Base and after considering the

geometry of flying formation -- i.e., moving the lag upward and to the left,

for example, would be much more hazardous than moving it downward and to the

“'right. The other ratings, recorded as letters to avoid confusion with the
numeric scaie, were a bit more Icosely defined. They were included to _assess

. the.annoyingness of the;"flutter" in the CIG system*s visual display. “Init-

~_ially the instructor pilots were ignorant of the purpose of varying the :
setlrings of the display signal filters, but after the first 18 trials, they-
were informed that it was the visual flutter that we were trying to.remove

.from the display and they were requested to direct~{heir ratings to that”’

"aspect of the visual scene. ‘ S ' -
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~ " PROCEDURE.  Several events took place before|the -experimerit ‘proper began. One -

- __of these was_ to make flightpaths for the' tegd airgraft’ with_which the -instruc~

. . 7 tor.pilots-could fly formation. The instryttor's consolé of-training simula-

- _tors is often®equippéed with a control %¥tick which can be‘used to. change the ..

' .. position of the pilot's aircraft or to "fly" the image-displayed to hime © ©

Usually there is-no throttle for this control,and the aerodynamic model that

- generates yesponses to inputs from the “instructor’s -station is<simpler than

the one:ithat responds to :inputs frpm the cockpit of the ‘simul4tor. Because. -

. the ASPT is equipped with twa_cockpits, -each with its own CIG visual display '~

B - mosaic, we decided to prerecord flights for the lead aircwaft-and thus be _

. able to.use both cockpits for real-time data collection. An instructor pilot i
assigned to the, Human Resources Laboratory flew,a number of flights during _
which he performed gentle climbs, dives, and turns. These flights were re- .

» corded and then used t drive the CIG visual system to create the flig tpath -

- for the lead aijrcraft Yor our formation flying task.. During-the.da;%{2011ec-

- tion, the prerecorded flight controlled the image of the pilot's vi of the
Tead éraft:-for both cockpits. In this way, the lead aircraft could be made -

!/ to fly realistically while freeing the second”cockpit for an observer. Twelve
such flights were recorded, and from this set, six were chosen Faﬁ‘use,during‘
the experiment. Two criteria were used for their selection: first, that the
instructor pilots assigned to Air Force Human Resources Lab0£§toryéjudged

tLT that the particular flightpath was not too difficult for formiation.flight,

 and second, that the \selected flights presented fewer synchronization prohlems.
- than the rejected ones. If a trial was &tarted at an inopportune time, the,

: calculation of the position for the lead aircraft was begun before that for:

the lag aircraft and the CIG system's image "jumped" ahead. "It was for this’ .

reason that a 20-second dead-time was included at the start of each triaf.

It gave the subjects time to catch-up to the lead aircraft before data were-

« ., "recorded. Some of the prerecorﬂéd flights seemed to magnify this s roni-
zation problem, and these were the ones we deTeted. The advantage gained by
using prerecorded flights was the improved dynamic response of the lead air-;
craft which the better math model allowed.  However, a simulator with two.

~ mactive® cockpits has a disadvantage. The effective delay from control input

-in one cockpit to display and then response from the other cockpit would now -
be doubled. A 100 to 200 miilisecond visual system transport delay becomies

a 200 to 400 miTYisecond total system delay, and the problems of pi1otin§?
control are made even more difficult.. We might note that this was not the
case in this study as only the pilot's cockpit could provide inputs to the
'CIG visual system. - - : o :

I

Personnel at the Air Force Human Resources Laboratory also performed the
tasks of software integration, i.e., of developing and inserting intoe the
simulation program the filtering and performance measuring routines, and
of setting the ledd times and gains for the g-seat and motion platform of
the ASPT. They also developed the rating scales specifically for the forma-

_ tion flying task and created ‘the block randomized orders ‘of experimental, con- _
N ditions for each pilot. This last ta§k‘was performed On a Wang computer at

-

the Human Resources Laboratory- usi

ng programs developed -there. - °

_ Prior to the collection of data, the instructor pi]ots\mgye‘briefed about
" the nature of the experiment and of what would be réquired of them, and on
normal operating and safety procedures for the ASPT. Along with viewing a
" safety film, they had an opportunity to "fly" the ASPT for a while. to see how
it operated. _ - . ” oo T :

-
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. “Tha experiment consisted of ten f&ur-hour testing sessions with two—in-,
" . structor pilots-present each session. Each served as pilot and then cobserver
 for about half of each session, .with each serving as observer for~every other
‘ at least twice durjng‘the five days of testing.. Initially we had hoped to .. -~
.- gdmplete one block’ of 18 trials per day, but this proved to be overly optimis=.
fi¢ so that only three such blocks were finished by the énd 6f the data.col~ - -
“"  lection. At the beginning of a testing session, the simulator was chécked to
= See that it was set appropriétg]y.for this experdment,- and then, while the- ~
< device was being.preépared, 'the-pilot and&ggserVer' e given their data sheets.
*. _and asked to enter the.cockpits. Radio contact was e ¢tablished withieach .
pilot and:was the means of pjlot-experimentericommunicatjon used during all of
.. “Jthe testss Each tnidl included a one-to-two minute period while experimental
“Teonditior codes were entered -at the.instructor/opérajor console, and then, =
: Wan'thé operator judged -the pilot. ready, a key press actuated the trial .pro-
gram, ‘starfing a 157-second~trial with’data recorded during the last 137 '
. . .seconds. All trials were started with the fully-fueled T-37 flying at fn
~airspeed of 190 knots at an altitude of 15,Q90§feet. At the end of each, one
of the'instructor.pijots assigried to the Air\Force Human Resources Laboratory.
made the~judgment of whether or not the flight should be considered controlled
; -enough to produce reasonable data, and.thfzé%he.recordings~were either entered
“into the dfta file for this study or were eted. Conditions under which
“ control was lost weré€ repeated immediately. Trials for which the motion™ . =
platform had to be activated took a bi longer than others as the walkway to

<~

Sy

the cockpit had to be retracted and the motion platform had-to be raised to
4ts starting level. -A11 of these events *allowed.an average time-per-trial_ of R
five to t{en minutes, a time. that was gradually reduced throughout. the experi-
ment. Untdl it was time to switch places, the pilot and observer remained in
"their cockpits, resting between trials. = e oo -

. As~performance -data were coliected, they entered a disk-file that was .

‘stored on magnetic tape at the end of each day. After ‘the experiment was = ™

- completed, a listing was made of this file, and. the magnetic tape was taken to
"~ the Naval Training Equipment Cepter‘for'ana]ysis.. : - ‘

——

Af the end of the experiment, we discovered that a total of 13 trials had
, been omitted because of human errors while entering the condition codes and
' trial numbers at the instructor console. The analysis procedures we used re-
guired a complete set of data from each subject, so that each stbject's )
missing information was estimated using measures of his performance under
similar conditions. For no subject was one of the 18 different experimental
conditions skipped more than-once, -so that we always had two sets of measures -
- with which to estimate the third. .- Lo T ¢
- c _ . 4 . .
RESULTS AND DISCUSSION = S ‘ 7
. - - . "\ ‘ ’ oo -. 1 ‘( ’ .
To keep this discussion simple, the details of each analysis of variance -
“are presented at the end of the report and will be discussed only. generaliy.
Based on our results, it may be desirable to make similar adjustments-to
other flight simulators; so for this reason, all of the statistically "
significant effects related to the main variables of the study are presented
graphically for reference. - : T : I

>
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-1T of Appendix B present the results |
ofithe analyses of variance. ‘?formedﬂpﬁ'the means and 'variances” of the 3+ > .~
paramgters we measured. ~Each table presents the analysis of the average value . -°
of tHe -measure and then the apalysis of its variante. . In these tables, the N
varjables we manipulated are designated by A, B, and C and each subject's dé;a'

weré considered a "block,” so to decede the tables: A = conditions "of motion  ,~

. cueing, B = settings of the filters, C = trials, and a block effect reflects

of Jits F-erib and its-proportion of the total sum of squares, n2 (Eta = -

differencessdue to the pilotsi For an effect significant at the-p<05 level |
of confidence or above, these tables give the probipi1ity of the occurrence

v
-

Squared). To provide some perSpective,_nz"for each residual variance term is ,
also given. Generally speaking, an advantage was gained by structuring the . .
data colTection as aiblocked randomized factorial experiment with trials as a.
factor.. .Often both the blocks. and trials effects produced significant S >
F-ratios, and as we were gble to remove this variance from the residual terms, -
the other tests were undoubtedly made more sensitive:. -Several observations. = .
can be made. | . . ' - °c oL

First, thexesidual (error) ¥ariances of these analyses, that variance ' . -

~
~

_ which Eou]d‘not{be.parsed into. any” of the effects, were often quite large.

. the difference of ‘translational position of the two aircraft did not show |

For the averagevalues of the measures, for example, the error terms accounted
for 67~percent'g§,§h¢ total sums.of squares, and for the variancesy. the resid-
ual variances.accounted for 59 percent. Typically none of the effects we - -
could 3na1x;e’gerev$tatistica11y,significant if the residual term had an” =

62 greater than 0.70. Usually those analyses of variance that produced
significant F-ratios had _error terms.Z§r which n2 was in the range 0.50 to
0.65. In only three analyses (the one€ of the variances of the positions of
both throttles and of the mean position of the left one) were we able to

>

reduce the residual term to less than 50 percent of the total sum of squares,:

was not accounted for by the conditions of the study. .

so that obviously a good deal of the variability of our pilots® performances
Related to the large amount of unaccounted variance is the presence of a
trials effect in the analysis of many of the measures. .This was seen in the

analyses of the lag aircraft's attitude (relative to the lead craft) and in
the measures of pilotingjcontrol. wgile the trials effects were statistica]-;

ly reliable, they were'nét 1arge,‘wiﬁh nz values of only 0.10. to. 0.12.
Usually. this difference of average performance was seen between the first set

~of 18 trials and the- next two sets. Our instructor pilots were naive to the

ASPT so that an effect due to sequential testing was quite expected. It was
jncluded in the analyses, as was the blocks effect, to reduce the size of the

gerror -terms. Usually the effect due to progressive trials was quite relia-
ble, with small probabilities of occurring by chance, yet some measures, as .

this trend. v

.. - The lack of-a trials effect in the analyses of thé measures of the posi-

tion in space of the lag aircraft leads to a third observation: that those
measures were relatively insensitive to the manipulations of this study.  On

only one test -- that for the effect of different filter. settings on the

variance of the_xiaxisfdifference of position of the two aircraft -- was a

e T 19 22
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significant result obtained (showh in Figure-4), and this was proh%gly‘- :

spurious. This was not one of the variables we filtered, and it a W

< where we would expect 1jttle or na such effeCt to be found. Our impressions

" during the collection_of the data weré that thegctual flightpaths taken by
the lag aircraft were/a bit too variable for themeasurement of any differ-
ences of the pilets® ‘ability to control the simulator, and the .analyses of
variance confirfied these. Havirg_the lead aircrafi undergo ¢limbs,- dives, -
and turns and equiring the pilots to maintain their aircraft in a-given

g

“

{ position relative to the lead: brought to the foregthefr unfamiliarity with -
g the simulation system. L T o -
e e : - ' ' . - o - : ~
w
w
= °.
“ & 10,000 R
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w2 34 1 2 -
| _FiLTer Breax Fresuency In Hz
~ Figure 4. VYariance of the x-axis difference of position of the? : ‘o
B ~Jead and lag aircraft as a function of filter setting. 7
‘In this and the subseguent figures, the « symbol represents
the break frequency of the unfiltered condition, a]tgough’
for this simuiation, the Nyquist frequency of the ASPT 4
CIG system is 15 Hz. ‘ - | )
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_ Along with.the z-axis difference.of position, we filtered the differences
of the aircrafts' pitch_and roll angles, and of these, the variance of-the

pitch~angle measure showed an effect of this filtering. The variability of - /;
the lag aircraft's pitch angle was reduced, and so was the variability of the -

- pilots® longitudinal and lateral movements of their control stick. That our i
manipulations of the display actually zffected piloting control is comforting, ,
given the adaptation to ‘the simulation system required of the ‘pilots. These -

. measures presented as a _functidh of the break frequency of the display signal (;,

Filters are depicted in Figures 5 and 6, A1l of these functions display a
reduction of variance as the break frequency of the filter is increased up~o_
about.3/4 to 1 Hz, For the variance of the differences of pitch angle, there
is a hint that the. variance then jncreases. under the no-filtering,condition,

although that value does not reliably>differ from those produceg/g§ filtering

in the range of 3/4:to 2 Hz. . The difference is not statistically significant,

but it does hold the possibility that more sensitive measurements may find

that the measures of aircraft attitude display a U-shaped tion across -

filter settings. Those for the variances of the positions &f the control

stick definitely appear to reach an asymptote at about 1 Hz with no indication

of a high frequency elevation. Our filtering of the display signals not only

" encouraged the pilots to use the aircraft's control stick differently, but ' _
also led to differences‘of their use of the throttles. The average positions

" of the left and right throttles are presented in Figure 7. Although the

significant differences of throttle position were seen in the average values,
not in the variance, af these positions, these functions appear similar to
the previous ones where variances were reduced as the display was made more
responsive until a filter setting of 3/4 to 1 Hz was reduced.

Most of thé\significéﬁs:reSuTts-we bbtained were with measures of the:dif-
ferences of aircraft attitude or of pilot controi jnputs. The majority of
these results were effects due to differences between pilots or blocks of’
trials, but some were relatable to the variables of the study. Of the 22 7.

- analyses of variance performed on the means and variances of our measures,

" five effects were found to be significant but difficult to interpret. One was
the effect of filtering on the variance of the x-axis difference of aircraft
position mentioned earlier. Another was the only effect that the conditions
of motion cueing produced -- this was on the variance of ‘the differences of ;D
yaw angle. Again why the filtering we did should affect this’ measure is not = '
cfear. In addition to these.two main effects, three interactions produced
significant Fsratios that seemed arbitrary. These were a motion cueing. by

_ trials jnteraction of the mean of the roll angle measure, a motion cueing by
filter setting by trials effect s:;n in the variance of the differences of yaw

~ -

2

angle, and a motion cueing by filter setting interaction of the variance of % o
None of these effects would have been pre-
nterpretable. . L

" the position of the rudder pedals.
dicted nor are ;heyvpahticu]arly

L e i .. . ‘ _.r'
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Vartance of the. pilots‘ “Tongitudinal and\lateral-axfs
movements of their control stick as a function of fi]ter
setting.
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RATING MEASURES. _Thé subjective ratingé of the{f1ighis p%bvided by fhe pilots
- and observers were analyzed in the same manner as the objective measures and
these results are presented in Tables-B-12 to B-15 of Appendix B. Insall four
s of these analyses, the blocks and trials effects were -significant, indicating .
' that the pilots and observers .not only differed in -their ratings, but tended . /
to give higher ratings during the last two sets“of trials. Of ithe two sets

of ratings, those based on the fiights were more sensitive to the variables .
we manipulated in this study than were those based.on the’noise of the visual
image. The ratings of flight control given by the pilots are depicted- in -
Figure 8, and those made by the observers in Figure 9. In these ratings, “
_effects of both filter settings and conditions of motion cueing were found.
For the ratings of a flight made by the pilot, there is no difference between
the subjective impressions obtained from the visual display alone and with ,
_the g-seat added. Both conditions displayed their highest ratings at a break
frequéncy of 3/4 Hz with a slight trend toward,lower ratings as the display .
was made more responsive. The ratings for the condition with the motion .
platform activated were on the average lower ‘and displayed less of an effect
of changing the-filtef -setting. For the ratings of these flights made by the
observers, similar trends are evident.. They judged flights to_be.most con-
trolled when the pilot's g-seat'was activated and least controlled when the
motion platform was used. - While the differences due to conditions of motion
"cueing are significant, the ones across display filter settings were not
significant in this set of ratings provided by the observers. .o
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*'The other sets of ratings (of the noisiness of the CIG display) were a bit

disappointing “im that no differences related to the variables of the study
were found. The subjects were not really informed labout the nature of the

. _problem of Jjitter in CIG displays, and it took them some time to become sensi--

tive to-it, This Tearning iS“ref1ectedwin~the~significant_trjals_and“blockﬁ;_v;_
effects in these data. Most of the complaining -about flutter or noise in CIG
visual systems comes from people quite familiar with a particular display,

so we suspect that some training would have made these ratings more useful.

- Because some of the flying contrbl data indicated that an optimal fi]tef o

_ "setting could be found that would altow better flying control performance than.

an unfiltered display would, and because the ratings of the noisiness of the
computer-generated image ‘showed no effect of filtering =-- an effect 'that ob-
_viously should be there -- we decided.to perform a second experiment to see if.
mére defipitive results could be obtained. ' ) .

o
\
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"~ INTRODUCTION AND METHODS - .- .

e

"~ 'The Second experiment was a simplified repetition of the first except.
' there were some changes which made this study more sensitive to the effects of
- filtering the ‘signals sent to the CIG display processor. For instance, this . .
time‘subjects’fémﬁTﬁi?“ﬁithfthé“KSPTTweremgsed:‘”They*werE“inStructor‘pi1ot§'"*"-”—"
~ for the T-37 aircraft who had between 1,000 and 4,500 hours of flying time '
- .with a group average of over 3,200 hours. ‘They had been assigned to the Air
Force Human Resources Laboratory to act as-advisors and subjects for experi- .
mental and development work on the ASPT and had “flown" the.device under a 3
.variety of conditions. S . ) : " : '

_ The flying task was made easier and emphasis was placed on the problems
caused by flutter of the visual image. Rather than have the Tead .aircraft
perform climbs and dives, the formation flight software was changed to have

. the lead craftafly straight-and-level. To emphasize- the effects of noise
. propagated forward through the visual system, the maximum buffet that the ASPT
software could provide was added for .the duration of each triat. This did.
make controlling the simuTator more difficult than Jjust flying it straight-
. and=-level, but the buffet affected the translational positions of both air-
craft similarly,-so that to this buffet, we added "noise" by randemly varying -
the position of the'lag aircraft's ailerons. This created differences of :
attitude of the lag aircraft relative to the lead that our pilots had to -
correct in a compensatory manner. - This noise was, then scaled to where the .
instructor pildts agreed that it plus the buffet forced the formation flying
task to be ‘moderately difficult. ' - ' L S

v

) -

~ To simplify -the., experimental design, the .conditions of norivisual motion -
- cueing used in the fgrst study were eliminated. The same filter settings as- -
in Experiment 1 weref tested and repeate trials were used, making the data
collection a simple block-randomized ¢design with six levels of a single vari-
“‘able.- A1l six settings were tested .in each block of trials with all subjects <
receiving the same random order of copditions. -The testing was done within a
single three-hgur session of five six-trial blocks. : : . 1

Piloting cdnffc]'berformahce'was measured uSﬁng the software developed for . C.

the first experiment,- except that we _stimated -an additional summary measure. . -
,This_was‘cm}(see.Sterps, 1975) -- the standard deviation of a frequency domain *
. representation of a time series. It is a measube easily accumuliated 1in real -
time, and is- proportional t0 the bandwidth of a signal. For pilots'- control
activities, it provides an indication of the structure of the changes that’
&ifferent settings of the display filters encourage. This time also the meas-
ures of the. x-, y=, and z-axis position were adjusted to represent error from- -

_the ideal position Yor the lag aircraft. . .

Again ratings were used for the instructor pilots to quantify their re-
actions to our changes of the visual display. The two scales developed this.
+ime were both nine-point scales, one for the noise of the CIG system and one -

~ for the controllability of the simulation. . In constructing *these ‘scales, . B

-
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-attention-was-givenftdndiv1ding each dimension into describable. sections that
might enable the raters to be consistent. ' Descriptions of_ the two' scdles
_given to the pilots are presented in Tables A-5 and A-6 of Appendix A. For

~ this second study, more. time was .available for briefing the pilots so that
‘mkfmthey;ﬁérg_Qwagg_gf the nature and purpose of the study and had been.instructed
'+ on the-use of thé"FHtTﬁg“SCaTes:‘?Some’prOb%emsrofminterpretation;occurnedma§n;

_ testing started, so’we used the first block of six trials to indicate to the
pilots what-we felt were. the worst and best cases of each dimension.

. Lt A i . . .
. To remove the problem of edges being deleted during a f1ight, the ASPT CIG -
system was operated at 75 percent of full capacity this time. The result-was
. ‘an image of the léad aircraft without all of the detail of the pnes used .
_ in Experiment'l,-Bat.with all of the cues shown in Figure .2 that pilots use to.

- maintain the -fingertip position. As in the first experiment, the first 20
seconds after the device was activated (but before data were collected) were
used ‘for- the pilot to recover the fingertip position, and in this study the’
display filters—were not active till thé end of that period. We felt that
allowing the pilots an._interval to observe the no-filtering condition before -
“each trial would also help to make their ratings more stable. . To that end, e
the instructor pilots were asked to observe this "worst" case:of jitter of the
visual image-and use it for, comparison to the ‘behavior of the display during
the rest of the trial. During the pilots® briefing, they were reminded that
at the altitude and airspeed of this simulation, the_Tdngitudiha1,axis of the
1-37 aircraft was more responsive than the lateral one and that the .greatest |,
jitter would ‘appear on the horizon tine directly ahead.” When flying in the -
fingertip position, the pilots attended +0 the position of the .1ead aircraft
to their left, so as part of .the experimental instructions, they were asked
to notice the behavior of the forward horizon and to take this into account
as they rated Ebe jitter of the display. - S o

Because of the subject and trials effects of Experiment 1, differences . -
attributable to those.sources were removed by -expressing_each measure col&
jected within a block of six trials as a z=gcore == j.e.¥ the six observa-
+ions of each-measure were normalized, forcing the effects due to different
subjects and blocks of trials to be zero and Teaving the effect due to

_ differéﬁt,settings'oF_the display.filters as the only one analyzabie. This

- effect was then tested with a simple, one-way anéTysis-of_ydriance,performed

.-on the subjects‘-averagefperformances, The means of repeated trials were

. used in these. analyses so that the findings of this experiment apply only to
average performance and do not reflect typical trial-by-trial variability..

" RESULTS AND DISCUSSION

Tables B-16 to B-26 of Appendix B present the results of the -analyses of

variance performed on the objective measures of this second study. -Each S
table presents the one-way analysis of the average value, variance, and _ =
bandwidth for.a given measure. This time n? for all significantveffects.was'

0.66. Averaging repeated trials also reduces the error variance of .experi- -

"mentSr;f~somewhatiunfaery*in'thewsensévthat:informationaabout“$ubjeqt§'-j,gd
‘tyial-by-trial variability is lost -= but in this case the interest was in .
devicefdesign,ﬂnot-human performance. '~ - ST L T

| o | " . .
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- OBJECTIVE MEASURES.. The.resu1té Sf this experi@ent can be divided into'three
categories: those most 1ikely related to our filtering (in general) of “the

signals sent to the CIG system, those related to our filtering in. the context .

of the formation flight task, and those that seem a bit arbitrary and that

probably are spurious. Effects in the first category are:.changes of the.pitch

*  and roll angles of the lag aircraft and the“changes of: piloting control that
_produced them. As the display was made more sensitive’by raising the break.
frequency of the-filters, the p#lots -responded. by controlling their -aircraft
____so as to reduce the variance of its pitch and roll angles and to.change. the
T bandwidth toward its value for the no=filteri
‘incrgaée of bandwidth along the aircraft's longitudinal axis and a slight re-
- duction along the lateral one. - These functions are displayed in Figures.10
and 11, These changes of aircraft response-were accomplished by parallel '
changes of ‘the pilots® use of their control stick. On both the longitudinal
and lateral axes, pilots reduced the variance of ‘the position of the control.

. stick, shown in Figure 12, and ‘its bandwidth, shown in Figure 13. Their use

of the throttles aiso changed as a function of the filtering break frequency, .

‘paralleling tHe pattern of results seen in their Use of the control stick. As
the setting of the filter allowed more high. frequency information to the dis-
play, lower &average.settings for§§;e throttles were used, and the variance of
‘these settings was reduced. - Thesa trends are shown in Figures 14 and 15. As
'#n Experiment 1, the variance of a measure seemed the datum most 1ikely to.be
- affected by our manipulations, a finding similar to that of Cooper, Harris, -
and Sharkey (1975). Clearly when the display was filtered strongly, so. that
it ‘appears too sluggish, our pilots worked more to control- the simulated air-
craft. Contrary to the data of Experiment I, there-is no indication that the

pilots will control mére poorly. .without the filtering, than with it. This may .

"~ reflect our use of pilots familiar with a given device or merely human con-
2 . trollers® witlingness to ignore the annoying high frequency activity in an
unfil;ered_disp1ay. e : : SR - :

" Changes of aircraft position and of related piloting control that wére
placed into the second category were similar to some seen in Experiment I.
These were the reduction of the variance of the difference of the yaw angle

of the lag aircraft:presented in Figure 16, and the reduction of the varian;e '

. of 'the: rudder pedal position shown in Figure 17. 'Thesq‘g&anges probably .
. reflect the tactic the jnstructor pilots stated they used to fly formation

- during oyr simulation -~ which was that they would "erab" into ‘the fingertip - .

g",:positignfandjthen'maintaih_a;yaw'ang1e'to counter the effect of the Jead air-,
" licraft's .backwash.. Whenever a-large gust upset t Jag .aircraft, the piloks’

reSponSe-was‘to‘moveilatera11y7(to'the“%jght)‘and- hen- carefully maneuvér - -~ '~

" back into 'position. It was probably these responses” that caused significant
- effects in the variances of the yaw. angle and rudder pedal positions.

Another flying task, like aerial refueling or air-to-ground weapons de]ivéry,._:

may net show similar effects on these measures. .

. ﬁrobab]y related to fhe'above technjquewwai a tendency to;kéép,the aver- T

age position of the control stick a' bit off-center (to the right). that was:
" accentuated at low break frequencies of the display- filters. This was =
- probably used to counteract_the tendency of the-backwash to roll  the lag
- - -ajrcraft+to the left, and when the display was. stuggish (relatively), the
<. -.instructor pilots were conservative and: tended. to keep their craft prepared -

fj'*fo'rol]ltquthégright;:JThiS-use.ofxthe.pgntrql”Stickfis documented in Figure

i . oo 3 . - .“, o AT .

o 8. R L i
R -5

ng"condition:“LThis_requiredranw—u~~;~w
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S s " FILTER Breax -Frequency IN HZ - - o
" - Figure 12. Mariance of the pilots* longitudinal and lateral-axis .
o : . moveTentS‘of the control stick as a function of filter. -
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’I

More firmly in the odds and ends-category are. the changes of the average

z-axis position and its variance shown in Figures 19 and 20. Our instructor.
pilots tended to fly ther ASPT simulation a 1ittle too high at low filter set-
tings, and this height along with its variance was reduced as the. filter set-
ting was increased to 1 Hz. Again, little change ‘was seen beyond that point.
The z=-axis information to the CIG display system was-filtered because of

Tjarities—of the simulation of formation flight in the ASPT. tUndoubtedly - . .

ijs effect on tke measure of positionnalbngfthErz-axis reflects this;aspect
- of our simulationt B . o A

o “Finally, Figure 21 preseﬁts_the‘bandwidth-changas?seen in-the x-axis
.-..difference of position of.the two aircraft. Un1ess,it.ref1ect$fthe*pﬁlots'
*’EChangeS'of'their use of the aircraft's: throtties, we do not know why this

measure showed the effect’thaf{it-did;z-Statistically the effect is quite

;largé,'but-the-spectraT content. of this particular time-series is quite low
frequency, SO the-changes.of position,may“wglJ ref1ect the changes of engine
; thrust used by the pilots. . : B T " gl

RATING MEASURES. The subjective ratings‘co11ected,this time were more useful
as they consistently differed with changes of the filter settings.- The = -
_ratings of both the flutter in the visual display and.the controllability of .
“the simulation'fit—thefone-way.ana1ysi§-df-variance‘design, and after.the.
‘ratings were converted to z-scores,. they were soO analyzed. While the ratings

. of noise in the CIG display were made on a nihe-point scale where high
. numbers represented a stable display and low numbers a jittery one, the
ratings of flight control were made on a scale with the most controllable
point at its center. The extremes of this scale =- high or loy numbers ==
were used for aircraft responses that seemed too;sluggish,of'to.vresponsive;

. Qur pilots had great difficu]ty assigning ponsistent ratings to the flights

Q 23 36 '
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where the filter was set to a break frequency of 1/4 or-1/2 .Hz. Particular
events during those trials seemed to be selected for the rating and the result
was that the ratings for these low-freguency settings of thé filters were
quite variable. The pilots pilots agreed that those sSettings were not desir-
able, but they could not consistently extract from the | vipr of the display ;.
just what it was that they did not 1ike. OccasionalTy a gust would sum with &
- control input and the condition was judged too responsive, /fand just as fre-. '
" quently, the same filter setting.was judged too sluggish. /So to remove this
_ambiguity, the ratings of flight controllability were "folded" to become a
one-to-five 'scale (ratings of six, seven, eight, and nine became ratings of .
four, three, two and one?; Now high numbers on the scale represent control
that was easy and low numbers represent difficult control, regardless of the -
- reason.’ - ' : o . N
~_ The results of the analyses performed on the rating data are presented- in ‘
TabJe B-27 of Appendix B and are depicted in Figure 22. The pilots judged the
fTights to be significantly less well controlled under the 1/4 Hz setting,
. with' the other conditions judged about equally well controlled, but perhaps
_most significant in a practical. sense, their judgments djsplay jitter show
a monotonic decrease with filter setting with the no-filteg§ng condition felt’
to be the worst case. Although the relative scaling of the& _two ratings. is
 immaterial, we can see that a mid-range of filter settings is-preferable.to
"either a low-frequency setting or a no-filtering condition. Their -ratings .
of system controllability parallel-abjective measures of flight -control -- :
i.e., as the pilots changed their control activity so that the variance or EE
bandwidth of a.measure appreached its-value under the no-filtering condi tion,
the controllability of the simulation was felt to increase, while at the .same -
time they judged the jitter of the ‘computer-generated ‘visual image to become °~ .
more and more annoying with the unfiltered image judged as containing the most -
noise. - - - - : o . L : R
Q- S 38 e e T,
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So. that the main finding of this study can be displayed more clearly, we
have plotted in Figure 23 the normalized ratings of the noisiness of the
visual image and the average of the normalized pitch and roll errors -- both
" as-a function of the break freguency of the display.signal fiT@ers. Both sets
‘of data are expressed as z-scores tc indicate where a particular measure was
a ove or below its experimental average of zero. Here we can ‘'see that as the-
break frequency of the filters was raised, aircraft control becamefmore and
" ‘more accurate until a "best® setting of 1-Hz was reached, while at the same.
time,; the ratings of the visual display were not drastiga11yvreduced until a
setting above 1 Hz was. reached. Clearly a relatively "safe” setting for the
filters can be defined where the ‘changes to the CIG system's inputs will not -
. degrade piloting control and pilots will feel the' display has acceptable
. .stability. This is the shaded r%nge in -the figure.. . ' o

We feel that some factors of flight simulations should determine where the
break. point of display filters should be. Should this sort of delay compensa-
tion be used.for a simulation.of air-to-air combat using high performance air- ,

~ craft, a setting near the upper end of the safe range would be preferred, and

. «conversely, a task that requires the display of only low rates of anguiar . ,
. .acceleration may well benefit by Gsing a Tow frequency ‘setting. Along with = .
*,7,-"  the sort of flying task, the type of aircraft simylated will detexmine the

=" filter setting, as obviously, a simulation of an ajrcraft that ean have high -

.. frequency components in.its responses should have .those components reach a |
visual-displiay. The trade that filtering allows is one of preference for a-
particular amount of display stability vs. flying performance.. For the T-37 '

© - ajrcraft and the simulation of formation flight used fer this study, there . .-

~ clearly was a range of settings that.allowed the degree of flight control
normally found in the ASPT and that also removed most of the annoying. jitter.
in the CIG system's image.- From these two experiments, we suggest that this

_ range is from 3/4 to 1 Hz. : T ) . '
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< CONCLUSIONS

“ -

-

.~ . a.- The predict-then-filter scheme .implemented on the ASPT is useful for-
- delay.compensation in operatiomal flight simulators that have significant -
-, transport de}ays;in‘the,aperation-of'their;CI@ visual systems. - o
.+ be The usefulness of the scheme is fhat a filter setting can be chosen '.
s t reduces the amnoying high frequencys¥ mponents of the signals sent to '
- the visual display processor, without:affeCting flying control. performance, -
‘and that it can-easi]yqbe‘imp1emented»asAeither'hardware;or computer software.

“::ce , The scheme affects piloting cdntf61;on1y'when.usefﬁi‘Towwfreﬁuéncy; R
dnformation (below._1/2 Hz) was removed from the CIG display. Tasks. other than
fdrmation“f1ight'may~require‘higherﬁfrequ&ncy_ihformation, but many of the fly- -

- ing’ tasks for which CIG displays are used probably have requirements similar
" .-ta those.of flying formation. I T

: a . R 4 - - : . .

.7 d. . Far a given amount of lead, it would be ralatively easy to tailor this .~
~ scheme for a particular. task.or device by manipulating a single parameter --
.. the break: frequency of the display filter. B i

~ e.’ For most of the parameters of aircraft control and pilot input that -

" we observed, the variance was the measure most sensitive to changes of the “

- visual display. In Experiment II, the bandwidth measure also was sensitive

. to our manipulations and seemed to correlate with the variance -- in that

~". changes of bandwidth were probably the activity reflected as significant
differences of variance. - = o . : S SR
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', e CAPPENDIX A T
e . FORMATION FLIGHT GRADING CRITERIA ' |

hY

. '-"-:TABL""E AJ-"I ] '|2 POINT SCALEiJSED FOR RATING FLIGHT CONTBOL IN EXPERIMENT I

-.TEXCELLENT L

~ out.

’f3f5b Slde-sIde (TateraT) from 1 ft c105er in (tIghter) to 5 ft further out.jff
e, Vert1ca1' from Zth h19h to 4 ft ]ow. T .‘, L ;.

f;i 3. FaIr.? FaIr is characterized by rough qontroT w1th 1§rge dev1atnons, aT-J,L#;
”-:most a]ways out of poSItIon. DeviatIOns range w1th1n. . ?;,.”-\ T

4 UnsatISfactory. Unsat1sfactory is characterized by the 1nab111ty to ma1n-].' o
“tain even fa1r p051t10n._ Aircraft control TS rough , e

']ITfOnTy smaTT dev1at10ns seen,. Control use smooth. Errors qu1ck1y corrected

.'TABLE A;é DESCRIPTION OF TZ—POINT SCALE VALUES OF TABLE A-1 USED FOR

i

_;_f1 ExceTTent is. characterIZed by exceptwonaliy smooth contr01 and sma11 dev1a-,
"7 tions from the deSired p051t10n. _Exce11ent p051t10n is ma1nta1ned w1th1n
~-.}’dev1at10ns as. fo]]ows. : _ , ‘ .

-V Fore,Aft (10ngitud1na1) . + 2 ft 2 . ,"fv"f"a'“,,"_l'éﬂi'. |
bl SIde-SIde (1atera1) from 1 Ft. c]oser In (tighter) to 3 ft further R

- c. Vert1ca1., from 1ess than J ft’hIgh to not. more than 3 ft 1ow..*:*~

2y Good <<Bgod 15 characterIZed by smooth control, with larger dev1at10ns and )
10nger tIme out of p051t10n. Deviations must range w1thin. E o

a. Fore-aft (10ngItud1na1) + 3 ft.

: -
. |..-_cf

° °

VIR
<.

Fore-aft (TongitudInaT) +5 ft L B v;t_,-hh>{f"}¢*‘-'

'-c.t Vert1ca1 from 4 ft h19h to 6 ft. ﬂow.. Tff-’ifoffV-.ébe?

EXPERIMENT | -

<

-

| EAWRLE. GRADES . _' -

12 Perfect po”1t10n maIntaIned control use smooth, accurate. :

-TO 'Dev1ated from~de51red on1y w1th1n ‘the exce11ent area however, d1d not

remain "on" deSIred p051t19n, but passed through Tt

. N A

-9 Remained. tIthTy w1th1n the “gOOd" area.’ Contro] use smooth Neanly~an__.

. -excellents - .. ‘ LE

, -b SIde-SIde 61atera1) from 2 ft c105er In (t19hter) to 8. ft further out. E

:
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TABLEeA-Z. DESCRIPTION OF 12-POINT SCALE VALUES OF TABLE A-] USED FOR
. EXPERIMENT I {Cont'd) A

>

8 A sol1d good. Norma1 use. of controTs.- Was in positiaﬁ most'of the_timea' K

'1_.7 Stayed in good area, but contro1 .use was:a little rough Drifted=con—f
. stantly out. of p051t1on. - . A '{
““'6 ,Near]y a good " byt dev1at1ons somewhat too 1arge.- Correct1on tnme too
- sTow, and controT _use. too rough i \»= L o -

5-'Kept a1rcraft in fair p051t1on but was- constantly,aockey1ng the controls.-~

‘ ”;Aimost a]ways correct1ng errors. Somewhat beh1nd the‘@Jrcraft. S ,

'3?44f-Bare1y stayed in the basxc formataon f11ght area. A1rcraft contro1 poor, |
;A1most unsafe. : . ,

4 . ,i._

. 3. Able to move: the a1rcraft 1nto the “fa1r“ area, but unab]e to keep it
i, - . there. COnStantly "behan“ the other-aircraft. e

5‘_ 2 Did not crash or otherw1se Jeopardwze 11fe but-could not maneuver 1nto -
'_Tpos1t1on..‘ :

E

.-‘

Crashed passed under, over, or fe11 out of range.f,,-L~

-

'n'

TABLE A-3 DESCRIPTION OF cm RATING SCALE OF EXPERIMENT I.
: ADDITIONAL RAT'ING INFORMATION ' E

Q.. -
T Ne expect that some -of the computer software. changes that we unTl make
”,J_gibetween trials will affect the characteristics: of the CIG visual displaysy and
i therefore after each-trial, we would 1ike you to ‘rank the:. .display's "goodness" .
- or:usefulness. for. format1on f1ight. This will be in.addition to -the numerical...

e

" “score-you wiil give-the flight, and in ‘order-to avoid-confusion, we. would 11ke - -:“7

- _.you-fo use a letter scale where A = good, B = average, and .C"= poor, and where
" pluses and minuses are allowed. -The ratings.can thus go from A+ to C-, ‘and
"for;decas1ons 11ke B- VS C+, you. w111 have to do- the best you- . can.

_ These letter scores ‘can -be entered on. the f11ght scoresheet’ after the:"'
'fnumer1ca1 score for a given tr1a1, and the f1rst entry m1ght 1ook Tﬂke'
B T S, 0+ 0 T

et

e - s o T

42 G .
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© TS, MTDG 'sc“dns;o‘smr_iooooeA_IRcRAFnctnTnoL*m: RN

T oescnopnon i IRCRAFT'S nesponse Juoonen i smouoon
9 nFar too sensntwe and doffnculttocontrol Responsn.ve+ . o
ST it

8 A1rcraft 1s sensotnve‘and too responsnve ‘ ResponsiVeiv' RS A

. 7 BRI OnIy a bnt too sensntwe for good control ReSponswe .

'. Controﬂab1e, but sensntwe '.; - Controﬂable +
‘ f".\iPerfectly ControHable - Responds as 1t should Contro]lable o
. f*:WMMWMHMWh o ,  mmmm-

. . '
.--.-..-ﬂﬂ-, .---.------.ﬂ---.--‘.--..'.--‘--.‘
‘‘‘‘‘‘‘‘‘‘

o Anrcraft response 1s on]y 3 bnt slow for | S )
o g'-good contnol o . Sluggish+ T
D S ,anfncult
- Response is slow and sluggnsh Lo Sluggish to - /,..
- A Control

o Kirenaft i oo sluggish and responds wo
o Sy | © Sluggish -

o ] . ' T | [
. . o !
' PN o . A E .
. Lt e I g o . i
' ‘ RERR RN ., R o v )
v o ' o o . ' *
; A S R T o
. 0 ) ' . .
- B L ' ' * . 0
, e - : : .
. . . 1
o L,
N S S o
.



| - TABI.E A-ﬁ RATING SCALE FOR CIG\SYSTEM IMAGE FLUTTER DURING EXPERIMENT II

'"”-RATING_“'  DESCRIPTION OF JITTRR IN mspuw S e 0 DISPLAY

e . No flutter or J1tter ._ '_ EEE Sat1sfactory+ o
8\_,‘ - ”Barely detectable J1tter A ;. | .'-'_"Sa§tmsfac1:~ory_.. o
| 1 o "|J1tter-.1s_not1ceab1e but not annojn‘ng. ,j‘ : Satzsfactory-

e  6_ | ,Easﬂy not1ceab1e J1tter, but only barely Usable + -

‘po oo amoying s T

.8 o .J1tter is noticeable and mﬂdly annoymg - Usable

. 4 | llotweable and annoymg J1tter 'Usab1e'_.¥
h 3 a ﬁA]most usabIe, but J1tter 1s annoymg o Poor+ o
C 2 '_‘,E-Barely usab]e, very annoymg J1tter o .'.',Pop_r, o

e :. 1 Unusable - J1tter is far too annoymg CPore

R

P
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7 7 ANALYSIS OF VARIANCE TABLES OF EXPERIMENTS I AND IT -
- " These tab}és-rgpof% the analyses of variance of Experiments T and II.
".In them, the exact probability of F-ratios significant at the p<.05 level
~or greater are given along with n -+= the proportion of -the total sum’'of
.. squares attributable to each significant effect. The analyses. for a given
" measure are grouped  together -~ those of the average value and variance for ~
.. the'data of Experiment Ivand of the average-value, .variance, and bandwidth. o
. for Experiment II. Occasionally /rather large numbers were encountered as
- sums of squares and to conserve :space, these were expressed in exponential or.
scientific notation. - The value/to four places js expressed as a decimal and
‘the-number following the E is an ggponent:qf“ten,_;quuexampTe,;0,1234E7,

. would represent 0.1234x 10/ or 1,234,000, = .~ . i
B A A S

TABLE B-1. ANALYSIS OF THE AVERAGE VALUE (A) AND VARIANCE (B) OF THE™ ~
07T X-AXIS DIFFERENCE OF POSITION OF THE LEAD AND LAG ATRCRAFT *

W T
SOURCE - SUM OF SQUARES, df  MEAN SQUARE " F<RATIO © _p-  _.m2

. "Blocks -~ 169294.60 - 3 ~ 56431.53 - 0.42
~Treatments = 7205487.50.. - .53 '135952.59. -~ 1.0 R T
A 7 '255036.60 . 2 . 127918.30.  0.96 ... .. oo -
B . 659077.61 - 5 131815.52 . 0.98 - R -
c " 191216.69° '+ 2 ° 95608.34 0.71
AxB . 1233427.90 10 123342.79° - 0.92 ¢
- Axc . . 532276.81 . .- 4  133069.20°  0.99°
Bxc |~ 1638471270 < | 10, 16384717 . 1.2 ©
| AXBXC . 2695180.30. . 20" 134759.02 ~ ~ 1.00°
" Residual . 21380720.00 . 159  .134526.54 .. . - -
- Total - 2B764502.0 - 215, SR
(B). . .. o I .
- Blocks .12936E+11 - 3 J43122E+10
Treatments LL22196E+12 53 - 41880E+10 "

B . o > B52143E+1T - - - 5 " J10428E+11 -
2
0

| <748

E

_ , 5 L.l.,0295 ,088. - -l
¢ Sl s L17582Ex11° . -2 7. L87914E+10 ° - R
AXB . . - .40799EIT - .7 10 .40799EH10°
AXC . J17651E+10 ... ° 4" - .44129E49
BxC - ~.61820E#11- - 10" .61820E+10 " .
AxBxC - . .39965E+11 - 20 = .T9982E+10 I
Residual . .65047E+12 - 159 - J40910E+10 . . .- s Jd35 o -,
Total - - BBBIMESO. .. 215 .

[ . ‘ ‘ ‘
-PU‘!—‘\D—"UT\OO&

QJOQpNoaa".~

.

'v

.

: 45,.
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ABLE B-2. ANALYSIS OF THE AVERAGE VALUE (A) AND VARIANCE (B) OF THE
.7 °7"* YAXIS DIFFERENCE OF POSITION OF THE LEAD AND_ LAG AIRCRAFT

B SRR e “
_SOURCE . . SUM OF SQUARES - df  MEAN SQUARE  F-RATIO - p n_ -

- Blocks 1624517.20.° . 3 . 541505.73 1.64"
_Treatments 9734820.40 53 .183675.86 .~ 055
- A ST ©7437389,08 . -2 218694.54° T 0.66
B ., .1657612.60 5 331522.53 = .,  .1.00
c ©932172.32.+ 2 - 466086.16 . 1.41
- AxB .+ 3687199.70 10. 7.368719.97: - - [1.01°-
- AxC - © 1375824.70 . &  343956.18 ' T 104
BxC | 3264811.30 .10 ° 326481,13 . 0.9 .
AXBxC °~  '6378910.40 ~  20:, 318990.52 - 0,96 . - - .o T
_Residual  52635920.00 159 ° 331043.52 - . . <131
Total 71395257.0 215 ¢ . - - y

Blocks . .32476E+9 "3 . ,10825E+9 ~
Treatments  .11274E+12 53 " L,21272E+10 -
A - - J.31673E+10. . -2~ J15836E+I0.
B . " JI3851E+11. - - 5° 1.27102E+10
c . - J19453E+10 - 2 - .97268E+9
- AXB © . .28850E+11 10 .28850E
. AXC .. J10965E+11 - 4 J27413E+10.. .
"BxC . J23679E+11 - " 10 = .23679E+10.° .
AxBxC . . .30584E+11 = . 20 - ‘.15292E+10 - o o
- Residual- .. L.36109E+12 159 S L.22710E410° . o WT57
- Total - - g770%E+TZ - 215 . ¢ o I : -

-

. k4

Lo
oW
L.

o R
N
ﬂgowww

OHdtaOdHO00
[ ]

. TABLE B-3. ANALYSIS OF THE AVERAGE VALUE (A) AND VARIANCE (B) OF THE o
" Z-AXIS DIFFERENCE OF POSITION OF THE LEAD AND LAG AIRCRAFT |

© SOURCE ~  SUM OF SQUARES "df _MEAN'SQUARE-~ F<RATIO" _p-.- _n?-

Blocks. . * 3035.96 . 3 . 1011.99 _5.79 .0012 " .076 .
Treatments 9298.42°. 53 - 175.44 . . .7 100 - L
- LA o 669,17 - 2 .. 334,59 -7 1.91 .
o8B - .728.01 .5 - 145,60 - - - .83 .
c oo 20871 2 . 10336 - 0,59 0~ D
. AxB . - .. 210655 10 - - 210.65 " .20 S
BRI AxC -, 7 ™M11s7.100 o 4 _ -289.28 - .1.65 ... .- SRS
cToBxC o - o, 1632.07 - 10 163,210 . 0.93
- AxBxC - 2798.80 =20 - ——T39.94 = 0:80 -«
‘Residual .- ..27807.77 - -~ 159 C174.89 o

RIC - T e B0 v vl i

3.

~ e
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TABLE_B-3. ANALYSIS OF THE - AVERAGE VALUE (R) AND VARIANCE‘(B) oF THE Z-AXIS
. DIFFERENCE OF POSITION OF THE LEAD AND LAG AIRCRAFT (Cont*d)

. SOURCE" suu OF SQUARES © 4f  MEAN SQUARE F-Rmo
- SOURCE df  MEAN SQUARE

‘;'E' : ‘n2

L.

" Blocks 7
3 Kreatments .

A

c

- AxB.

AxC

BxC -
AxBxC
Residual

BTocks

c

AxB

AxC

BxC
AxBxC .
‘Residual .
“Total

®)

 Hlocks |

 Treatments
A
o

U
AxB

AXC -
- Bx€C -
- AxBxC

Resxdua1 ”

3458'IE+10,_"_.",
L29356E+11

L10544E+10

_JA6242E+10
- #27301E#10
£59328E+10°

. «27469E+10

. Treatments _
B .

. «81067E+10

J13161E+11 ™
J11532E+12
JTBBT3E+I2.

93 99 . -

636,12

8.29 . .

35,50
137.90

- 133.00 -~

- .100.57

180013
7 1673.88
B

193812.92

1199290.78" .
42240.93

© 65286.83

' 215488,60

215077 .45

. 63066.01 .
- 162226 .06

. 435904.88
2893975.20
"§287078.80

3
53
2
5
2

10
10
10 _

20

159

53

-
2

16

4 -

10

20 -

“20
4158 -

37.

1%527E+10

”’55389E+9 o
..52723E+9
.92485E+9

T3650E+10
.69328E+3
.68675E+3

-81067E+9

.65804E+3.

. J72527E+9 -

1587

0.76
0.73

1.28

1.88
- 0.96

1.12

0.91"

»

29

31 .33
12.00
4.14
40.36
- 13.79
33.25

10.06
- 7501 -
o 18,53

-

'64604 31

1 22628.13 - .
- :271120.47 - .

- 13057.37 . -
107744.30’-

- 21507 ,75

15766.50
16222.61. .
'21795.24" . -
- 1820T.10. .~

" 2.98.
194"

. 0.39

0.67 ..

- 3.83
. T.31

3,16
" 0,96

.0325°

0230
L0156

. 0.67

o N
ot -

.
00 =2 \D ] —*

:acbcn:hthti—é
~ N

wRRaRO

OO

0157

-'.0031

039

032
h .055r

050

. '“77675 -

Total . EflZ. 215 ~
TABLE B-4. ANALYSIS OF THE AVERAGE. VALUE (A) AND. VARIANCE (B) OF THE -
» DIFFERENCE OF ROLL ANGLE OF THE LEAD AND LAG AIRCRAFT
. '(A) T T _ |
---‘Asouacz SUM OF SQUARES df MEAN SQUARE '%-Rm'm_- p. .n%. X

51 :
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 TABLE BfS,

a.(A) > _
-souacsﬂffp;

C-ABIocks

Treatments

A

C

- AxB‘;
AxC -
BxC - =

AxBxC :
"Residual

1“inta1
(B).r'

Blocks e
: Treatments

e

B

.G S
L PBe
AxC ¢

BxC ' -

- AxBxC

- Residual-
Tbta1 o,

>

fD31A).' )
vSOURCE

Blocks"

- . Treatments

" Bxc\-'

AxBxC S
Residua] ®

. Totat

Y ' _; e

NANTRAEQUIPCEN IH-297/AFHRL-TR-78—46

ANALYSIS OF THE AVERAGE VA
DIFFERENCE’OF PITCH ANGLE

-1884.06  °

. 39.42

. 3054.71-
T675.04

e S

TABLE B-6.

SUM-OF.SQUARES

'0.84 "
13.60

739.28

62.02 -
294,63

- 681,73 . - -

269,75

216.05.
360.45

-

—

SUM OF SQUARES - -
" 203.00

17404.79 .
206.74
 1666.96

- 920.13

" - 3464.58

1 1692.22 -

S 3123.97

© 6330.19 .
:46424.89 ~
"52032.68

gﬁl

5 58.93 ¢ .

df MEAN SQUARE

" MEAN SQUARE .

-1

 ANALYSIS OF THE AVERAGE.VALUE (A) AN
DIFFERENCE’OF YAW ANGLE OF THE LEAD

F-RATID

114

’-1 04"

-0.85
‘0,92

© 0,59

1.18
1.56

¢ 1.35 -

2

&

N . S
. 1.85.
o 1.61 7
3.07 -

16.70
1.40

- 0.51

.12

-3

_FdhArlo’rT,ﬁ"N'

0021
.0114

.0000.

‘l'v'

5.

¢

.0000

538

- )

LUE (A) AND VARIANCE (B) OF THE
DF THE LEAD AND LAG AIRCRAFT

73T

a3
.332.

V.052

;1}3'_

D VARIANCE (B) OF THE
AND EAG AIRCRAFT

49

j’)_ 67 67 ;

103'37 R
333.39 ¢
 260.07 -
.346:46
47 " 423.05. _
o 312.40
20 316.51 .
. 279.40 - o

rf.sszz;;.ft

- 0.24
1.18

' 1.65
1.24

151

. 037
1.19 -

T 1.12.

- .

-
L4



TABLE 8-7

i L .

ANALYSIS OF THE AVERAGE VALUE (A) ARD VARIANCE (B) OF THE
%TERAL MOVENENTS OF THE CONTROL STICK - _

. N ‘(A) o - . . B - . ;?‘.. L . | o ‘- '
SOURCE | SUM OF SQUARES df  MEAN SQUARE .- F-RATIO- p _n2
Blocks 0.038 3 - 0.013° °  6.38 .0007 .077 "

- Treatments 0.145 .53 0.003 136 . S
A - C0.003 T2 - 0.004° ., 216 |
B.. .. 0016 ° .5 - 0.00° 5 1.62 - -
c 0059 2 0.029- 15,03 ~.0008- ~.119 -
PxB T gl - 100 0002 . 079 .
CAXCS o 0.008 4 - . 0.00Z-: .07
S BxC . - . 0.006 , 10 - 0,081, . 0.31 -
o AXBxC . . 0.031 . 20 0,002 ..  0.80 -° -
‘- Residial- = . 0.312 - . 159 - 0.002 : . 632
:  Total . oI 7 o
.- “Blocks . - 7-13.12 3 4.37 . 7.99. .0002 ..083 -
- Treatments  ° 58.01 53 1.09 . 2.00 - .0007 -.367 - _
A 3.20 . 2 1.60 © 2093 . é
S B - 12.30 5 2.46 . 4.49' .0010 - .078 %
. c"‘-' T -11'26 .48' 2 ' 13024 } P 24.]9 ;0000 .167 .
AxB 4.73 10 0.47 0.86° PR
- AxC . 0.62 4 0.15 . 0.28 ° .
. BXC 5.70 10 0.57 1.04. -

AxBxC ¢ . 499 - 20 . 0.25 0.46 |
Residual 87.01 ° .. 159 0.55. - 550 -
Total = 5814 215

50 :
¥ e -

_ NA‘VTRAEQUIPCEN IH-QW / AFHRL-—TR-78—4B .
~ TABLE B-6. .ANALYSIS OF THE AVERASBE VALUE (A) AND VARIANCE - (B) OF THE- -
BT .. DIFFERENCE OF YAW ANGLE OF THE LEAD AND LAG AIRCRAFT (Cont‘dT'
- : : ' : ‘ : . il
- SOURCE : SUM OF SQUARES df MEAN SQQARE 'F-RJ\TIU ..Pp n<.
Blocks = .18490E+8 5 slesaEs7 1.92 L
Treatments - .28419E+9_ 55 . 53620E+7 . 1.68 .DO15  .034 Ny
A  J29195E+8% 2 145975‘*‘8 856 - .0118° .027.
B« ., 27152E48 . 5 44304E+7°  1.38 ’
Lo ~ 718s99E+8 2.7, 9389BE+7 "2.92.
- AxB - JA0DT3E+8 - 10 40014E+7 . - 1.25 .
AxC- - v 11353E48 4 28481E+7 0.89 ©
- BxC: -<&274SE48 10 - 42749E+7 ~ - 1.34 _ :
.. AxBxC .«1198 : 20 - 59993E+7 1.87 .0178 .148
sidual _ «D0866E+S -~ 158 . 3199TE+7. S 0627
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TABLE B-8 - ANALYSIS OF THE AVERAGE VALUE (A) AND:NARIANQE‘(B) OF
THE LONGITUDINAi MOVEMENTS OF THE CONTROL STICK ‘

- - ) ~ '?\\

-

SOURCE © | SUM OF SQUARES z.g__ “MEAN SQUARE F-RATIO . p. . .n2

focks . ' 0.0024 . .3 0.0008 ~ . 0.08 -
Treatments - 0.3740 ~ 53 . 0.0070 0.70

AT . 0.0832° 2~ -0.0016 - 0.16 . : {\; T

.= B . 0,037 - . 5 . 0.0073°° . @73~
I R | 0.,0003 . 2 - -0.0001 .01 0
AxB ** - . 0.0852- 10 ‘0.0085 -0.84"

AxC . 0.0173 . -4 . "0.0043 -  -0.43
- BxC . - 0.0650 . .10 . . 0.0065 - 0.64
AxBxC ;"‘_0;1683 .. .20 ‘0.0084  © 0.83 . o :-®

Residual - © ~ 16046 159 . ° -0.0101 . - .809
Total” . T 9829 215 - | < S _

BNO R |
Blocks. = 7.35°

R |
Treatments . 14,61 . T 83 - " -

k , 048°‘ - 2

, : :

2

. 14.68  .0000 . .152

Iy T
AOO

© N O 0

B ‘ ;‘ 7 2 40
C e 791 s 20
AXB . . 1.20 - 10
CAxG . T . 0.37 K 4
BxC . L ‘0 63 . 10
" AxBxC .. 1.62 - .20
Res1dua1 T 26,52 ¢ s 158
,mnw :

. 2.88 L0161 050
23.72 .0000 - .163 .
7 N . ) - ST
5

» o .,
o—-whH

-dépaayaocajf
I8 &

[ ]

=l

~

:é : | |
SN

{// " Total . 21!?" D
A TABLE Béé ANALYSIS ' OF THE AVERAGE VALUE (A) AND VﬁRIANCE (B) OF
S ) THE, POSITION OF THE RUDDER PEDALS o~

AT o ___} o *'_, L
| SOURCE. .~ SUM OF SQUARES gf;’ MEAN. SQUARE FeRATIO . p . . n? |

\/‘

L ;».1.&5,.:.0094:._:301)[,1"

Blocks ~ 0. ‘og5 .. . 3 . - 0.085. - 28.32% .0000 - .258
' Treatments 0.260 = - 53 ©0.005 1.63  .0112 .263 -
A T - 9015 . 2. . 0007 _. 2.48 o
B - o0l0 % 5. - 0,002 T ~ 0.6 - .-
- c . o116 - -2 - 0.0858. - 19.31 .0000 .117
S AXB - . 0.027 - . 10 .0.003 - 0491 o
o T AxC ; 0.000 4 . 0,002 -  0.78 -
/. B¢ . .. 0041 -. 10 0.004:° - 1.38 |
. AxBxC 0.042 - 200 © 0,002 - 069, . -
. Residual 0.476 159 0,003 ..z o~ - .481
" Total o I - -




. -

(@

N - SOURCE - - SUM OF SQUARES _f_ MEAN SQUARE F-RATIO p - 'n?
. "'Blocks - 0,0006 3 0.0002 ‘ L 2,00 S
“Treatments - 0.,0066 53 - 60,0001 - 1.25 _ .
A : 0.0001 2 0.0000 > .0.46 ° o
B 0.,0006 5 0.0001 - 1.79
. -C““T“‘”‘"”“*"“*TO;OOTS“”’““”“““2"““‘“‘0;0008*““”m*“11:40'““:0001‘ 089"
: AxB 0.0014 10 - 0.0001 2.05 .0313 078
AxC - 00,0000 4 0.0000 . 0.09 :
:BxC 0.0009 10 - 0.0001 - 1.29
AxBxC 0.0020 - . “20 .0.0001 - 1.48 : )
" “Residual 0.0109: -°. -159. 0.0001 ' .606
Total - 0.0180 ZT% T L
'TABLE-B-IO ANALYSIS OF THE AVERAGE VALUE (A) AND VARIANCE (B) OF
: . : THE POSITION OF THE LEFT “THROTTLE o _
(A) . o~ E _ .
-SOURCE ~_ "SUM. OF SQUARES 'df ~ MEAN SQUARE F=RATIO  p n2
Blocks : 295,07 3 98,37 -8.19 - .0001 .091
. Treatments = 1030.41 53 . 19.44 ~1.62 0118 .31¢9
A . . 1.85 2 -0.93 0.08
B - 164,57~ .5 32.91 . 2.74 . 0208 .051
(of 378.84 2 - 189.42 - 15.78 .0000 .117
- AXB - - 93.E6 10 . 9.38 0.78 .
AxC . ¢ -66.09 T4 "16.52 1.38
- BxC : <. 127.26 10 - 12.73 - 1.06
“AxBxC - 197.92° 20 . 9.90 . - 0.82
~.Residual - - 1908.72 "%%%_. ©12.00 «590
Total : . - : ' :
(B) . S S
" 'Blocks 1823318.00 3 607772.66. - 22.19 - .0000. .204/
" Treatments 2770875.00 s 53 - 52280.66 -+ 1,91 .0014 .310
A T .25772.69 2. -12886.34 . 0.47 . -
B .- . - 203935.01 . . -5 40787.00 . - 1:.49 - . N
c 1165862.20 ~ 2 582931.12 - 21.29 .0000 .130
-AXB v273127.55 . 10 27312.76 1.00 : S
‘AXC 66815.78 - 4 - 16703.95 © 0.61 .
- _BxC 403874.30 = - 10. 40387.43 .  1.47 S
- - AxBxC . _ 63148455 ~ 20 . 31574.38 . 1.15 L
D Res1dua1 4354020. 159 27383.78 - - ‘ .204 -
S
R 6" - : .. ESES - e -G
- 3 o . P o

..~ TABLE B=9.

NAVTRAEQUIPCEN IH-297/AFHRL-TR-78-46

ANALYSIS OF . THE AVERAGE VALUE (A) AND VARIANCE (B) OF
THE POSITION OF “THE ‘RUDDER PEDALS (Cont'd)
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N - )
" "TABLE B-11. ANALYSIS OF THE AVERAGE VALUE (A) AND VARIANCE (B) OF :
' ' THE POSITION OF THE RIGHT THROTTLE o

o AA) ) . o
. SOURCE = SUM OF SQUARES "'df  ~'MEAN SQUARE - F -RATIO ’.p- ~.n2 . s
T TBlecks T Bs5.32 7 T3 "‘_‘"""185 11— ——1.55-— 0000177
Treatments: 909.42 53 . - -17.16 1.63 .0110 .289 -
A - v 2430 20 . 1.06° 0.10 =
B 133.50" 5 26,70 2053 .0300 .042
. 334.15 -2 167.07 15,84 .0000 .110
Axg. - . 89.67 = 10 - 8.97 0.85
CAxC . 58.80 - 4. 1470 - 1.39
BxC & 110,08 . . 10 11.01 1.04
AXBxC - - 181,10 . -20. 9.05  ~0.86 -
Residual 1676.76 = - 159 10.55 o . .533
Total 3M4T.51. 2% .
Blocks l1681384.0 - 3  560448.0 22.57 0000 .205
Trostments 2591764.0 . 53 .~ 48s01.2 . 1.97 0009 315
A . . . 25339.0 2 12969.7 0.52. -~ -t s
B . 187854.0 . 5. . .37570.8 151 T
c - 1111642.7 , 2  555821.4 , = 22.38 .0000 .135
AxB 251CC1.7 10 25100.2 | - 1.1 - /
AxC 52261.2 4 15565.3 0.63
BxC 360865.3 170 - 36086.5. . . 1.45
. AxBxC . 592198.7 >0 - -29609.9 . < 1.9 7. A
 Residual  3948198.7 - 139 24831.8. - . ¢ . .. w880 o7
_ TABLE 3-12 ANALYSIb OF THE PILOT'S RATING OF HIS FLxdﬂ?----
"SOURCE - SUM OF SQUARES . df MEAN SQUARE -F-RATIO _p n2_
 Blocks. . . 47815 -+ 3 15805  33.82 0000 2% .
TreatmEhts‘- - 479.83 53 - 9.05  2.22 0002 .299
. A 29,36 "2 o -14.68 . . 3.6] [.0284 - - .018
B = 53,11 s 5 10.61 .. _.2.61 .0264 -=.ps3;
“pC L 207.25 .2 ,103.63 . 25.45 .0000 . .12
AxB.. - 59.86 .10 5.99 . 1.47 | .
OAC . 1934 Lo L4 o a,78 0 1.8
e BxC ' 43,81 10 ;4,38 - 1,08 0 0. S
S RxBXC v 67.31 - -~ 20 . = 3.37. 0.83 T
’;i;-Res1dua1 C . e47.35 .., 159 - 407 - L 404, T
. Total: . . T80T.33 - .. a5 R Y
Sy N .' RO LR R -
/ - ';'-' 1 e "
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TABLE.B-13.. ‘ANALYSIS OF THE PILOT'S RATING OF THE CIG DISPLAY.

SOURCE SUM OF SQUARES - df MEAN SQUARE - F RATIO p n2
. -Blocks - 595,35 -3 '198.45 - ~103,82° .0000 572
- Treatments -3140.58 . 53 - 2.65. 1.38 - :
A . 2.01 -2 ~1.,00 0.52
B . T .. T36 5 *1.47 0,77 - o
c 1 52,84 2 . - 26.42 13.76 .00Q0 -«051
, AxB - ° - . 8,06 - 10 0.80 Q.42 T T
o AXC_ . . 9.44 4 . 2.36 - 1.23 , S
BxC : 30.21 S F 0 JRR S 4 € ol 1% At
- AxBxC 30.68 20 1.53 -0.80 . Tl
Residual 305.40 159 1.92 - T .293
Total T04T.33 215 o o

IABLE B-14. ANALYSIS OF THE OBSERVER'S RATINGS OF THE FLIGHTS
 SOURCE - . SUM OF SQUARES ’j~gf_ 'MEAN_ SQUARE - * F=RATIO P © _n2

~ ‘Blocks - 460.80 - 3 153.60 .  33.42 .0000 :  .288 "
Treatments 410.33 53  7.74 . 1.68 .0075  .256
A 30.33 T2 15.17 . . 3.30 .038 - - .019
B . 19.00 ~5 - - 3.80 0.83 -
S Cc 176.78 -2 '88.39 °  19.23- .0000 - .110 .
o 23.67 - 10 . 2.37 0.52 : |
AxC - . 15.72 4 - 3,93 . 0.86
. .BxC - ©38.06 - - 10 .- .3:81 - 0.83
© AXBxC .. . -106.78- -.':‘“20;;~-:t 5.34° _  1.16 .
 Residual - 730.70.- - 159 - 4, so» S e & [« B

Total - TEOT.BS - 21'5

i TABLE B 15.:é%ALYSIS OF . THE OBSERVER'S RATINGS OF THE cze DISPLAY |
'_;iksOURcz . SUMTOF SQUARES . 1gf_ MEAN SQUARE F-RATIO - _p R

) . R / ] ) o b -.
_Blocks™ C 'ga.es . .3 29.:88 \ “%,02° .0004 . .96 -
Treatments - 164.83. 53 3.1 C0.73 . L

A- ) 3.25 . . 2 S 1.63 - . 0.38° _

B R 1.50 5 0.30 ©  * 0.07

C 35,11 - - 2 17.56 -  4.12 .0000 . .038

A8 - 15.75 10 1.58 0.37 . .

AxXC .. . B.56 4 2.14 . 0.50 :

BXC 17,72 100 o 1.77 . 0.42. 7 .
- AxBxC . 82.94 20 - -4.15 © 0 0.97 - - .
_Residual . 677.35 159 4.26 O 1
“Total 9383 . TS T o
L R‘ i S e L .. o

7 . 1 - . . o~

’ . -~ .' R ° b f

- 57
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TABLE B=16.. ANALYSEs[oF"THE AVERAGE VALUE, VARIANCE; AND ‘BANDWIDTH

_OF THE X-AXIS DIFFERENCE OF POSITION OF THE LEAD AND
LAG AIRCRAFT | : o

| SOUNCE - SUM OF SQUARES df  MEAN SQUARE  F-RATIO b " _n2

_ Between Groups f.“bfé4éf_mf_"x§§*iﬁf;ffgiédgf*;’”j“z:sga. o

*Wjthin.Groups 0.338 - .01
~ variance ,

Between Groups ~ 0.722 5
Within Graups. - 2.027 18 -
Total o Z2.749 - 73

- Bandwidth - '

"0.144 . 1.283

q
hY

‘ Between Groups _ 0.469j4.> 5
-~ Within Groups 0.436 - 18 0.024
Total T . 0.505 23 :

-

" TABLE B-17. ANALYSES OF THE AVERAGE VALUE, VARIANCE; AND' BANDWIDTH
R OF THE Y-AXIS DIFFERENCE OF POSITION OF THE LEAD AND™ ~ .

- LAG AIRCRAFT .. - - -

-

SOURCE

~

0.094 - 3.869 015 . 552

"Avgfégé Value R o < T

2

025  "1.431
017 - -

. Between Groups L0240
- Within Groups . = .312.
~Total® ° . 436

_Variancev_:" . e
067 - - 0.497

 Batween Groups 337 .

5
18
z3
\
)
Within Groups -- 2.444 .18
Total- =~ 2.781 -~ 23
. Bendwidth 3 ~
5
18
23

Between Groups 1,085
Within Groups . =393

017 ':ViGTYBplxuf;' j o
Total . 478 e e

.022

" SUM OF SQUARES - ¢f ~'MEAN'SQUARE ERATIO p ' nZ
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YABLE B-18. ANALYSES OF THE AVERAGE VALUE, VARIANCE, AND BANDWIDTH
o oF ZEEFg-AXIS DIFFERENCE OF POSITION OF THE LEAD AND LAG
IR |

SOURCE SUM_OF squAREs df MEAN SQUARE’ F-RATIO _p  _n2

Average Va'lue S T o -

Between Groups - 0.729 - ° 5 - . 0.146 3.310  .027 ..48
_ Within Groups <. 0,793 .18 - .0.044 S e T
" Total 522 . 3 .

Var1ance -
.Bg_tween Groups .  1.236 -5

- Within Groups - 1.502 -~ 18

- Total = Z.738 . Z3

- Band dth ST e | , - - )
Between eroups 0.186 5 0.037°. 1jog,; .

‘Within Groups 0,393 N 1
Tota‘l . 0.57% 23

0.247 . 2.961  .039 .45

oo
Pyt
8
N

i \\ 8-19 ANALYSES OF THE AVERAGE VALUE, VARIANCE, AND BANBNIDTH
- \ ’ gli'RTC'H:. DIFFERENCE OF ROLL ANGLE OF THE LEAD AND LAG -

| SUM OF SQUARES fgui__ MEAN SQUARE F-RATIO “p - Qﬂz- B

" SOURCE

' Avera‘gei Va'iiué a

©' . Between Groups - =”b.753' | 0,51 © T 2.110
.- Within Groups 1.285~ - - U071 .
Z.088 '

Total . o Zal

e

e . @

N Vamance e \: : S . _
Between Groups 3.145 0:629 .. 13.961 . .000 .79
Within Groups  0.811 - 0.045 T

Tota'l ' .

B

" Bandwidth .- I P S
‘Between Groups  0.958 5 . 0,32 11171 . .000. ,76
. Within Groups 0.309 - 18 0.017 [ T SR
T RS B T S

»
)
¢!
, 14
. T N
oL
/
n
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- - TABLE B-20. ANALYSES OF THE AVERAGE VALUE, VARIANCE, AND BANDWIDTH
'OF THE DIFFERENCE OF PITCH ANGLE OF THE LEAD AND LAG .
AIRCRAFT :

SOURCE s OF SQUARES af MEAN.SQUARE F-RATIO ___-b - hZ

%

Average Va1ue

 Between Groups “0.530 - . ‘5
Within Groups 0.716 18 ~0.040

. Total’ L TEE N T
" Variance - o ‘
'Befween'Groups 3.783 5

Within Groups . 0.204 18
Total .. 3.587 23
Bandwidth - e

0.757 . 66.842 . .000 .95
0.011 :

. Between Groups  0.628 :
-~ Within Groups - 0,060 1
“Total - .688 23

0.126 . 37.550 .000 .91

W,
(@ s
. .
o

&

Te

TABLEAB—ZT. ANALYSES OF THE AVERAGE VALUE, VARIANCE. AND BANDWIDTH

. -‘;Tf”:mo ""1"%“—A“_:“_ T 2: 663 =TT : “"l"f“"'.“-“_"'_.- _'_‘—

OF THE DIFFERENCE OF YAW ANGLE OF THE LEAD AND- LAG v T

~# - AIRCRAFT
 SOURCE SUM OF _SQUARES df  MEAN SQUARE . F=RATIO . p_ _n2

e Ayerage Yalue -

Between Groups ,0.2304”
Within Groups  ~0.398
“Total o zgz;g;

0.046 vz

ol
' o,
¢ .Ir.‘,(
A4

)

) Var1anee"‘ . o
- .. Between Groups :1.585. 0.317 - - 5.190 - .004 .59
Within Groups - 1.100 ' SR .
Total, . 2885

Bandw1dth

;aﬂghﬁ

)

Between Groups 0,233

Within Groups‘ - 0.456 10,025 . ST

Yo

Total . - - 0.88% 3 s -
% S
’_ 74;;‘ "“'
o, L ; : .Iu, R
o CU%BO L

0.047 1833 0 L0 e
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TABLE 3-22 ARALYSES OF THE AVERAGE VALUE, VARIANCE, AND BANDWIDTH
OF THE LATERAL'MOVEHENTS OF THE CONTROL STICK

- SOURCE | SUM OF SQUARES df _ MEAN SQUARE  F-RATIO p n2

. Average Value

Between Groups . 0.481 5 . 0.09 6.039 .002 .63
Within Groups  0.287 18 . 0.016 _
JTotal T.768 23 . ;

___________\lau'jin:m:e__.____Lg\_______:_’,.“__,.____.__,,,_,____,,,,,,,_,.___'___,,,,__,_.aw

Between Groups  9.316 5 1.863 © 76.475  ,000 .96
Within Groups 0.438 . 18 0.024 . - ,
Total v S

 Bandwidth

. Between Groups - 0.148 5
Within Groups 0.122 18 . 0.007
Total 0.270 23 B

© TABLE B-23. ANALYSES OF THE AVERAGE VALUE, VARIANCE, AND BANDWIDTH
" OF THE LONGITUDINAL MOVEMENTS OF THE CONTROL STICK

" SOURCE °  SUM OF SQUARES = df MEAN SQUARE F-RATIO _p _n2

' ‘Average Value - -

Between Groups  0.000 5 0.000 - 0.226 -
Within Groups ~ 0.002 - 18 . 0.000 D
-Total. - S opz. T o

Variance ° S . S

_‘*;Between Groups  .3.942 5 0.788 .. 24,894 .000. . .87
C rhhth*m Groups 0,570 - 18 . 0.032 L ;
Tota1 o Z.S 12_» 23 P

~

| "~ Bandwi dth

.- . ' Between Groups 0.517 5
. - Within-Groups: :0.530 18. - . . ~

0.030 ©  4.337 .009 .55



~
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TABLE B-24. ANALYSES OF THE AVERAGE VALUE, VARIANCE, AND BANDNIDTH OF
: . THE POSITION OF -THE RUDDER PEDALS :

'SOURCE - SUM OF SQUARES df . MEAN SQUARE  E-RATIO _',p n2 "

- ﬂ'Average-VaTue‘

Between Groups 0.234 : 5  0.047 . 0.660 A
———Within-Groups— — 13275 —~—— 18— 0.071——- e
© -~ Total . T.B09 23 . _ - o - : N

Variance |

" Between Groups  1.365 ™= 5 - 0.273  6.420 .002 .64 .
. Within Groups =~ 0.765. 18 . 0.043.- o S
“Total - I3 . 2™ o

- Bandwidth T T T T
‘Between Groups  0.095 % 5 . 0.019 . " -0.232
Within Groups- A1.479- g 18 -~ ~0.082 . -

OF. THE" POSITTON OF - THE LEFT THROTTLE

3 TABLE 825 ANALYSES OF THE AVERAGE VALUE, VARIAﬁ/E. AND JBANDWIDTH AL
SOURCE 5”” OF SQUARES df MEAN SQUARE -RATIO '?‘p‘-"hz

uAveragg Value -

- Between Groups -0.063 5 0.0006° = 3.530°. .021 .60
" Within Groups. ~ 0.002 - - 18 ~ -0.0001 ST LT T
Totfalc o PO ZE L oeeTe
Variance - "T. e -l', R ‘_'T_’f"f__ | o o

"\ Between Groups’ 1.148 .5 0,229 7 3.408 .024 . .49
__W1th1n Groups . 1.209 . , .. .0.067Z . - - .7 e

i

Between Groups 7 0.540' . g 7 9,108 0 d.641 . 1)
P . 0.066 s : T :

- Within Groups - -1.185
Total .~ © 1725

aﬂ&hﬂT_ij’
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-{-. TABLE B-26. ANALYSES OF THE AVERAGE!VALUE, VARIANCE, AND BANDNIDTH |
o OF THE POSITION OF THE RIGHT THROTTLE

- SOURCE ' SUM_OF SQJARES df  MEAN SQUARE F-RATIO p . _n2

o :Average Va'lue

‘Between Groups ~ 0.002 5 0.000, 3.035 .037" .4@
- Within Groups © 0,003 : 18 =~ 0.000 . S
- Total =~ -~ TOO5 @ Z3

" Variance .

b,

‘Bemeen\aroups 1_.1347" 5 T e
Within Groups .l.220° - 18 0.067
- Total . ‘ 7A08 ° - 23 o

Bandwidth f L .
Between Groups 0.398 .5 ) |
Within Groups - 1.447 18 0.080 .
Total TS z

TABLE B-27. ANALYSES-OF THE PILOTS' RATINGS OF THE CIG DISPLAY AND L

, _ _ OF THE FLIGHTS/\ . - :
SOURCE , . ~'SWM OF SQUARES df - MEAN SQUARE F-RATIO" - P '- ‘n2 L
| CIG D1sp'|ay : e o

 Between Groups . 15.64.
v Within GroupSt 1.34
. Total, e 16.98

- .Flights . . Co |
- Lo10 8.41 - .000 .70
0:1 0 ‘ < L . T

3.128 42,02 000 .92

' 'Between Groups . 5.05 -
Within Groups 2

.

-
C e L
-

Ea




